Abstract: Air content in the concrete has an important effect on the performance. The relation of high-performance polycarboxylate superplasticizer with the air content of different grade concrete and the influence of air content in the concrete on the performance were studied. The relation of air content with the size and distribution of air bubbles was analyzed by porosity analyzer. The results show that the tiny bubbles are of great significance to improve the durability of concrete.
Introduction
The rapid development of high-speed railway and bridge construction promote the research and application of high-performance polycarboxylate superplasticizer. Polycarboxylate superplasticizer is thought a very effective additive to ensure the workability and durability of the infrastructure concrete, especially in the harsh environment.
Air content of concrete has an important effect on the workability, strength and durability and is strictly limited for the air content under the different environmental conditions in Chinese specifications. The design requirements, however, are difficultly met in the construction, let alone through adjusting the additive parameters. The effects of high-performance polycarboxylate superplasticizer on air content of concrete were studied though compressive strength, freezing-thaw resistance, distribution of air bubbles in this paper. 
Experiments

Raw materials
Results and discussions
The effects of water and binder ratio on air content, compressive strength and durability of concrete The effects of water and binder ratio on air content, compressive strength and durability of concrete are shown in Fig.1 ~ 4 . Air content in concrete is reduced with decreasing water and binder ratio. The reason may be that the smaller viscosity and more water make the bubble more easily form when the water and binder ratio is higher. When water and binder ratio is decreased, compressive strength is increased and the electric flux reduced. The resistance of freezing and thawing is also increased. For example, mass loss is decreased from 5.3% to 2% and relative dynamic elastic modulus increased from 70% to 98% after 300 cycles. This is because lower water and binder ratio favors for increasing the compactness of concrete and lowering the porosity. The effect of air content in concrete on workability, mechanical properties and durabilit It has been found that air entrained agent can introduce a large number of tiny and unconnected bubbles in the fresh concrete which improves the saturation degree and workability of concrete mixture. It also can alleviate the expansion pressure and osmotic pressure caused by freeze-thaw damage. As a result, the durability of concrete is improved. When water amount and slump is kept almost the same, air entrained agent reduces the dosage of superplasticizer. The reason is that air entrained agent increases the content of tiny bubbles which can improve the package of aggregate and the fluidity of fresh concrete. With the increase in air content, compressive strength of concrete is decreased, but the change is not very obvious. The electric flux of concrete is, however, reduced from 615 C to 517 C. Mass loss is also reduced from 3.4% to 2.2%, and relative dynamic elastic modulus increased from 85% to 93% after 300 freeze-thaw cycles.
The pore structure analysis Air content of concrete is not sole parameter which affects the frost resistance of concrete, and the number, distribution and size of the bubble are also some key factors. Even if air content is the same, the size and number of the bubble is different, and bubble spacing coefficient varies more widely. As a result, concrete has different frost resistance.
The frost-resistant sample with 100 x 100 x 400 mm was cut into 100 x 100 x 10 mm slice. After the slice is successively ground, polished, cleaned and coloring treatment，the content, specific surface area and porosity, spacing coefficient and average chord length of bubbles in the surface of the slice were measured by RapidAir 457 hardened concrete porosity analyzer, as shown in figure 7 and table 3. With the increase in air content, specific surface area shows a trend of increase. The spacing coefficient and average chord length is decreased. The results indicate that the frost resistance of concrete will be enhanced. The relation of bubble size with frequency distribution is given in Fig. 8 . With the increase in the amount of air entrained agent, the number of small bubbles, especially less than 100μm, in the amples. The sample without air entrained agent has, however, more bubble greater than 100μm. This indicates that air entrained agent improves the stability of less than 100μm bubbles.
Summary
The air content of concrete is related to water and binder ratio. The lower water and cement ratio is, the less air content is. (2) The relationship of water and binder ratio with compressive strength, the electric flux and anti-frost index almost show linear changes. (3) Air content of concrete has a great influence on the workability, and appropriate air content can improve the workability and durability of concrete. (4) The quality of air bubbles is the most fundamental factor affecting the durability of concrete. The more the number of less than 100 um bubbles is, the better the durability of concrete is.
